In a recent work Lavelle-McMullan(LM) found a non-local and noncovariant symmetry of QED in the Feynman gauge [1] . They claimed that this is new symmetry and the physical states of QED are restricted by the conditions Q BRST | phys > = 0,
where Q BRST and Q LM are charges of BRST [2, 3] and LM transformations respectively. More recently it was disputed whether LM symmetry is merely non-local version of BRST symmetry or not [4, 5] .
In the present paper we will examine this subject thoroughly by deriving the Ward-Takahashi(WT) identities and show that LM symmetry does not yield any new non-trivial information. In addition we will construct the generalized non-local and non-covariant symmetry for QED.
The QED Lagrangian we will study in Feynman gauge is
where D µ = ∂ µ + igA µ . The BRST symmetry for the Lagrangian (2)
δ BRST c = 0,
yields a conserved current through Noether's theorem
where J µ =ψγ µ ψ.
On the other hand LM symmetry
yields another conserved current
Using equations of motion
(iγ
one can straightforwardly prove
Eq.(8) implys that BRST symmetry guarantees the symmetric property of LM transformation even at the classical level. This means LM symmetry is not independent of BRST symmetry.
In order to study the quantum theory let us examine the WT identities.
Taking a LM variation to the well-known identities of QED
one gets
where
where D
µν (q) is a propagator of gauge field at the tree level which can be obtained from usual Feynman rule andD µν (q) is a higher order correction, Eq.(10) becomes for n-loop order
One can show easily that the first two equations of Eq.(13) become
By using the trivial identity 
Eq. (17) is well-known WT identity which is derived from the usual BRST symmetry. So in this case LM symmetry does not produce new WT identity. Now let us examine the WT identity which contains the vertex. For this let us start with a identity of QED
By following the same procedure LM symmetry provides
In Eq.(20) an energy-momentum conserving delta function is included in the vertex-type objects. From Fig.(2) one can prove straightforwardly the trivial identity
By using Eq.(21) the WT identity
is straightforwardly derived from Eq.(19). The WT identity (22) can be easily re-derived from the BRST symmetry and gives rise to a famous formula
by the Dyson Z-notation.So LM symmetry does not give any new non-trivial identity in this case too.
Being inspired by the examination of WT identities, we can construct the generalized symmetries of QED
where a(x), b(x), f (x) and g(x) are functions of four vector. If one requires the conditions
it is straightforward to prove that the transformation(24) with restrictions (25) is symmetry for the QED Lagrangian(2). Of course LM transformation is a special case of (24):
By the same procedure one can show easily that this generalized symmetry(24) with (25) provides same WT identities (17) and (22) using the trivial identities(15) and (21).
In conclusion although LM transformation is non-local and non-covariant symmetry, not only LM symmetry but also the generalized symmetry does not yield any new non-trivial identity at quantum level.
